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Critical Science Requirements

January 24, 1989

Spectral Range 400 to 1040 run

Bandwidth 10 m W ‘#f(64 bands)

IFOV 1.0 km at nadir

Linear Polarization < 2% for bands <700 ~
< 4% for bands > 7@ ~
over all tilt angles

Signal to Noise specification

Dynmic Range land

Line of Sight Knowledge hOWtl to *29 ●KSCCOndS

July 13, 1989

400 to 880 Ml

10 to 15 run FWHM (32-48 bands)

1.1 km at nadir

S 2.3%
over *20° tilt

spccif~ation

sckct land or ocean

known to H arcscconds
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General Status

o Sysfenr Engineering - Subsystem requirements. Subsystem interfaces. Grounding philosophy.

o ~p~ics - Basically the same design. Mount on a common optical plate. Rotated the entrance slit.
Curved detector. Meet all optical requirements.

o Mechanical - Layed out present concept. NASTRAN UIaI, is. Determined cold plate mounting.
Aluminum optical baseplate.

o Mechanisms - Single speed scan. Tilt. Diffuser. Aperture wheel.

o Electronics - Fully redundant. No electronics on the optic plate. six electronic boxes. Memory in
C&DH. 12 bit linear A/D converter. Using cold plate. Ha~~ess defined. preliminary reliability analysis.

o Thermal - Cold plate tradeoff study. Aluminum optical bench analysis. Thermal analysis.

o Cufi&rafion - Diffuser plate. Solar integrating sphere. Heliunl RF sources. No tungsten bulbs.

0 Detecfor -34 by 30 photodiode interline CCD. No charge tr~nsfer probkms. Dual mode: Ocean or
Land dynamic range. CCD width detemined by throughput and S/N requirements. Fabricating 4 by 16
photodiode interline CCD. Designing flight-like 34 by 30 photodiode interJine CCD.

o System Analysis - Completed S/N analysis and detector design inputs. M-t S/N requirrnents.
Completed STOCS/ACOS analysis. Completed preliminary earth footprint analysis.
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LANDIOCEAN MODES

OPTICS

SCAN TECHNIQUE

TILT METHOD

DETECTORS

PERFORMANCE

CALIBRATION

s ELECTRONICS

MODIS-T

TRADES
CONSIDERED IN
THE EXTENDED

PHASE B STUDY

● THERMAL DESIGN
(
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OPTICS TRADE

Baseline grating design modified and refined

Alternate prism design under investigation

Some advantages of the PRISM design

- No depolarizer required
- Excellent image quality

Some disadvantages of the PRISM design

- Variable pixel size required for
constant 15 nm bandwidth

- low effective throughput due to narrow
slit requirement

GRATING design remains the baseline
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SCAN TECHNIQUE TRADE

I
I Variable speed and constant speed scan techniques

I studied.
I

I CONSTANT SPEED scan technique se;w~l

Advantages

Lower risk scan mechanism than variable speed
Lesspotential mechanical disturbances

Disadvantages

Lower scan efficiency
-r buffer memory required (FIFO)
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TILT METHOD TRADE

Full optical bench tilt and scan mirror tilt
options studied.

! SCAN MIRROR TILT selected
I 1

Advantages

Less massive support structure for the ~tical bench
Easier to meet pointing knowledge requirements
Eases thermal design greatly

Disadvantaaes

Image rotation (similar to GOES NEXT)
Slightly higher polarization (about 0.1 % higher)

I
1

I

!
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DETECTORTRADE
I
I
1 Frame Transfer CCD and Photodiode Interline CCD

devices studied.

I PHOTODIODE INTERLINE CCD desbn selected I
I . J

Advantages

No image smear (high speed shutter not needed)
Good charge transfer efficiency (lower cl- r-)
High quantum efficiency
Rdatively si* fabrication
Four phase clock

I Disadv_

i Less dynamic range than the Frame Transfer CCD

I



CALIBRATION TRADES

\
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LINE SOURCES

Laser diodes and RF excitedHE
sourceswere considered

RF EXCITED HE SOUrOOS_ed I
Advantages

Stablespeotral lines
Multiplespectral lines (6)
Same sourcesthat have been
-ed for some ISTP missions
No power conve-r r~irod

BROADBAND SOURCES

Tungsten sources and the sun
were considered

The SUN was selected I
Wantages
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ELECTRONICS TRADES

12 BITvs 14BIT Walog to Digital Converter

‘~

Providesa~ate signalto noise due to -r scene
dynamicrange
Lowerpower, smallersize, available

PACKAGING

Studyto be oonductedin 1990 to deteitie the optimum
nurnborof ~tronics boxes. Trade parametersimlude:-,
-t, EM1/EMC, testing, integration,maintenance, handfiq

-R
tiverter S- frequency -20 to 30kHz vs 100 to 120KHz

120t030kHz~ I

2-15
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THERMAUSTRUCTURAL TRADES

ELECTRONICS THERMAL CONTROL

Passiveradiators and the Eos
coldplate were considered

EosCOLD PLATEselected I

Advantages

Minimumweight
~ operational heaters required
hr electronicsboxes
Enhanced reliabilitydue to
-I temperature variations
d the electronics

~ult acco6s to electronic
~ (#SO a pot)+ern with the
other m)
~~13 FH 1lt21M

OPTICAL BENCH MATERIALS

Aluminum and Invar were
considered

I ALUMINUM was selected I
Very little power coupledin
the benchand thermal bla~ti
minimize thermal gradients

L-r ~hg availat)ility

‘<

\

I
I

I
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Top Level Instrument Parameters

First Phase B Study

Weight 178 kg (191.6 kg*)

Power 105 watts

Data Rate 16 Mbits/*c, 50% duty

fioo Tilt tilt the entire instrument

Detector

Major Mechanisms

64x64 CCD

scan mirror (two sped)
tilt (entire instmmnt)
diffiser (160 cm high)
shutter (every 8.95 see)
shutter (every 4.04 m~)
cover (seal the forebaf~)

Power Supplies 17 power supplies

*with required memo~ and
single band packets.

Present

148.8 kg

90 watts

3 Mbits/see, continuous

tilt the scan mirror

34X 30 photodib/CCD interline

scan mimr (single speed)
tilt (scan mirror)
diffuser (50 cm high)
aperture whCcl

7 power supplies (+2#)

#RF sources packuged with
power supplies.



TOP LEVEL INSTRUMENT
(continued)

PARAMETERS

Swath

IFOV

Optics

Detector integ. time

Calibration

First Phase B Stljdy

z45 degrees
64 km X 1509 km

1.42 mrad ‘ ‘.2 kfilj

Grating type imaging
spectrometer
f/3.1, 33.8 EPD

4.04 ms

Full aperture

Present

545 degrees
33 km X 1500 km

1.56 mrad (1.1 km)

Grating type imagi
spectrometer
f/3.0, 34mm EPD

1.14 ma ocean mod
0.3 ms land mode

Full ●perture

modeht\phbp10
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NOTES

‘;SFC FORM 24-48 June-88





OPTICAL DESIGN

●

●

●

●

●

●

●

I

Grating-Ty~ Refl~tiw G u-:4. “t10,,..t Imaging Spectrometer

34 mm entrance aperture

f/3.O system

Detector is cumed in one dimensti to red- -l
distortion

All aluminum ex~pt for the scan ~
the scan mirror will most likely be -urn

Componentsmount to a ~ - ~M

-n meets all specifiihs
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MECHANISMS 1

I

I

I

● Scan - Continuouslyrotatingsing!espeed (6.6 rpm)
Dou* sided scan mirroI

● TItt- Rotatesthe scan assembtyabout the oenterof tie
scanmirror.Directdrive used.

● Diffuser- Deploysthe solardiffuserabout 50 m above the
Eos date. Can be viewed at a instrumentW -e
of-30 degrees.

c ~re Wheel - Used with the solar integr~ ~.
Provi& 3 aperturesettingsand ● * *.
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SCAN SEQUENCE

I
cmsec.

.

1
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FLIGHT CALIBRATION

I ● FuHaperture~ ~
SouthPole.

(two levels) used at the

● -r integratingsphere

Canbe used fromthe South Pok to the M W ti
instrumentstabilitymonitoring.

Three flux levels

-m RF sourcesmountedto the integr~ ~
~vi~ 5 spectrallinestir instrumentspectral
-bration.

Can be viewed *ring the instru~ backscanat tilt
/ anglesbetween -30 and +20 degrees.t

I
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Solar

,

I

‘ Internal

Periscope Calibrator Concept

-30” Solar Diffuser Callbratlon

Diffuser plate

Integrating Sphere Fold Mirror

i

1

!

Transmlsslon Diffuser

Integrating Sphere

. . . . . . . .

. . . . . . . .
. . . . . . . .
. . . . . . . .

. . . . . . . .

!
Ii
I

Scan Mirror

Winston Cone
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DETECTOR
.

●

●

●

●

●

●

34X 30 photodiode interline CCD

Two output ports (each with a re-~tindant output)

Pixel size of 220.5Mm (spectral) X 161 .7#m (spatial)
Chip size of 7.5 mm X 10.2 mm

CCD width of the detectors in each spectral ~ti is
de~rmined by the required charge ha-~

Du@operating mode - commendable to ~ 1- or ~

1.13 ms ocean in~ation time ( 100%~dwoH *)
0.30 ms land integration time

Anti-blooming and drain structures implemented

moddl*18
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C Register

B Register

First

and
Last

Columns

%%
34Pixels Across

by
30 PixelsDown

IntegrationTIm
Wean Mode- 1.13ms
LandMode-0.30 ms

Plmtodiode

v 4 1 1
C Register

220.5pm

Intiinc
CCD

i d
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ELECTRONICS
!

I
!

●

I

●

●

Array Signal Processing
- Corrdated Double Sa@ing of Det. Sig
-12 Bit Linear A to D
-3 level electronics reference

Command and Data Hand! g
- CMD, time/frq, ancillary data on LAN
- High rate interface for image data
- Ping-pong memory used for data buffer (30 Ms)

Wundancy
- Fully Redundant on a Subysti Level

Except for the Detector
- Cross Strapping in Selected Arm

Powef
-s*voltage of120v*Dc
“secondary converters k)catedatm

-20 to 30 kHz switching fr~

I

(

I



Keep all noise within each box

Use isolation on signals be$;:ccn boxes

Ground each converter seconu~,y !Ochassis at one point

Power via shielded twisted pair with shield chassis
connection at source only

Lo-Z, Wide bandwidth ground plane (DC -1 MHz)

Sync all convertors (4 total)

Bundle shields to chassis ground at both ends

2-36
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ANALYSIS & PERFORMANCE

MTF
•B~t~- indbs effects of jitter
● Predicted @ofmance mts specification

Geometric
● Pointing knowledge error budget developed
oSTOCS analysis performed to determine thermo-optical

sendtivities
● Preliminary thermal design: :d a[lalysis of the optical

bench completed. Thermai des~gn driver is the
requirement for a gradient through the optics plate of
no more than 0.3 degrees C.

● Aluminum optics bench will meet the requirement

--
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ANALYSIS & PERFORMANCE
(Continued)

Stray Light - spec. has been eased but it is still tough
● Dark pixel in a fieM of LMAX most difficult
● Requires very ckan optics, kvc i 10G to 500

PolarizationSensitivity
● Meets ~ with the use of a fold mirror and
cbpolarizing ekment (not much margin)

Scene Dynamic Range
“Two commandabb imaging modes; Land * h
● Different integration time and gain fm * * I

FWAft Tti - ~20 ~. required, ~50 ~. ~
● +67.5 ~.(lunar cal.), -50 ~. i~
● Tilt angb not a driief

i..
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ANALYSIS & PERFORMANCE
(Continued)

\

I

I

On-Board Calibration - Several sources provided to meet
radiometric, spectral, and electronics cal requirements

Data Rate and Packetization - constant dzta rate and single
band per packet required

● 30 Mbit ping-pong memory required
● Size, weight, reliability driver

Power - Current estimate of 90 watts orbital averago is
below the 100 watt requirement

Weightgoal of 100 kg - Current estimate is 160 kg.

Rtitility
● *I reliability analysis ~e#ed
● C&DH buffer memo~ and ti scan -nism afo

reliability drivers
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Standard Signal to Noise Ratio Equations

s=R.A~.

SNR =

Where:

S = Integrated sensor signal electrons

R = spectml radiance
I 1mW
cm2 . ster “pm

AA= Bandwidth of spectral cl~annel lw]

A.= ~- aperture ama [cm2]

~ = Pixel ins~ s mlid angk [ster]

To= Optical transmission I

[1& = Num&r of photons per unit energy =
hc .

[1q=Quantum efficiency =

3-1
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Signal to Noise Ratio Spreadsheet

Required:

Size the photodiode, CCD and dead space for each spectral channel.

Determine the land integration time.

Meet SNR requirements for the ocean and land (’?”:.’ specified typical radiances).

Input radiance and SNR requirements, opticai transmission, quantum efficiency, - noise, dark
current, entrance aperture area, and pixel solid area.

Procedure:

o Use womt case land or ocean maximum
integration time - land integration time is

radiances to size each specti c-l (ocean uses full
a variable).

Pbtodiode width determines the spectral channel bandwidth.
CCD area determines electron full well capcity.

o

0
in

o

Use land maximum radiances to &tcrmine land quantizernoise.

Using the land typical radiances, vary the land integration tim until ti land SNR rcquirmentsare met
every band. First two steps are repeated for every integration time chan~.

Use ocean maximum radiances to &tcrminc -an quantizcrnoi~.

o Calculate and plot the ocean and land SNR’S.

\ 3-2
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3.7X106 6.8X106
Signal Electrons

Dual Mode - Two imaging modes: Land, Ocean
Ocean integration time -1.13 ms
Land integration time -0.30 ms
Ocean gain -1.8 times land gain
Modes change on command
-14 nm bandwidths

3.OX1O6 1.8X107
Si@ Ehctrons

Composite ~ - Single imaging mode
Single in- time -1.13 ms
Ocean gain -6.1 times land gain
Auto gain control
-llnm Wwiti

J



I Dual Mode (Present Baseline)

I Advantages Disadvantages

IBest Wean SNR performance. W and clouds saturate in ocean mode.

(kean SNR perfmancecaneasilybemaintained with degrated Two integration times.

detector QE, dcteetm charge well capacity oc optical transmission.
Need to reset the photodiode at the end of eve~ integration.

Uses two 12 bit M) converters (Without redundancy). Ocean needs to get rid of a saturated signal, land needstogetrid
of the signal accumulated during the non-integrating time period.

Commandabk fixed gain for land or ocean mode.

No saturations.

I Single integration time.

1No photodiode reseting.

Advantages

_ved land SNR performance.

Composite Mode

Disadvantages

NASAFORM 1598 A PR E12

Need either four 12 bit A/D eonvertm (without dundancy) or
chmp gin on the fly with two A/D converters. Data rate will be
8.3% higherthandud mode.

&ean SNRperf~ may notetily be -M with
ckgrated detector QE, &tector charge well ca~ity or optical
transmission.



Ocean/Land Radiances (W/m2*sr*p)
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Mode

.
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Bandwidth (FWHM)
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Charge Well Utilization
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Land Com~ite Mode
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